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Purpose: The purpose of the study was to determine factors associated with underweight and obesity in
elementary school children in Korea.
Methods: Study participants included 4,895 children attending 59 elementary schools across Korea.
Children were grouped into underweight [< 5% body mass index (BMI)-for-age], normal weight (5%e85%
BMI-for-age), and overweight/obese ( 85% BMI-for age). The questionnaire included demographic
characteristics, health status, and diet and exercise behavior of children, and environmental character-
istics of schools.
Results: Twelve percent of the children were overweight or obese. The results showed that demographic
(age and gender), health status (atopic dermatitis and poor subjective health), and the characteristics of
diet and exercise (unbalanced diet and diet experiences) were associated with underweight (p < .05),
while demographic (age and gender), health status (poor subjective health), behavioral characteristics
(fast food consumption and diet experiences), and school environmental characteristics (rural area) were
associated with overweight/obesity (p < .05).
Conclusions: Programs and interventions to reduce underweight and overweight/obesity in Korean
elementary schools must consider behavioral and environmental characteristics of children.
Copyright © 2015, Korean Society of Nursing Science. Published by Elsevier. All rights reserved.Introduction
Childhood obesity is a major public health concern in Korea that
has increased during the last decade in Korea [1,2]. In Korea,
prevalence of overweight or obesity ranges from 16.7% to 22.5%
among elementary school children [3,4]. Obese children have
increased risk of hypertension, diabetes mellitus, hyperlipidemia,
asthma, depression, low self-esteem, and low quality of life [5e7].
Unhealthy eating patterns such as frequent fast food and soft drink
consumption contribute to the increased prevalence of obesity
among children and adolescents in Korea [8]. Researchers contend
that school health education and/or policy (e.g., ban soft drink
vending machines in schools) are required to promote healthy
eating among children and adolescents and decrease obesity [9].HES, Department of Nursing,
51, South Korea.
ciety of Nursing Science. PublishedMany studies have investigated childhood obesity [5e7,10],
and underweight in children [11,12]. Prevalence of underweight
ranges from 3.6% to 21.6% among children in Korea [11,12]. Kim
[12] reported that poverty is associated with children being
either overweight/obese or underweight compared to those
from middle income families [12]. Others found that under-
weight children preferred fried food more than normal weight
children, while overweight boys preferred a high protein and
high fat diet compared to normal and underweight children [13].
Dietary habits, body image perception, physical activity, and TV
viewing/computer use were signiﬁcantly associated with body
mass index (BMI) among elementary school children in Korea
[14]. Wahi et al [15] argued that contextual factors (education,
income, and unemployment) inﬂuence lifestyle risk factors
(breast feeding, obesity, dietary intake, tobacco use, activity
pattern, and psychosocial stress) of parents, especially mothers
who will provide home environment to children and contribute
to childhood overweight/obesity. A few studies examined life-
style factors associated with underweight and overweight/by Elsevier. All rights reserved.
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only included dietary patterns in the study and did not consider
environmental or contextual factors. Similarly, studies that
investigated underweight in children are rare, particularly using
nationally representative samples [11,12]. Therefore, the current
study sought to describe the prevalence of underweight and
overweight/obesity among elementary school children, and to
clarify factors associated with underweight and overweight/
obesity simultaneously, considering multiple factors including
demographic, health status, diet and exercise, and school envi-
ronmental characteristics.
The purpose of this study was to estimate the prevalence of
underweight and overweight/obesity, and to analyze factors asso-
ciated with underweight and overweight/obesity among elemen-
tary school children recruited nationally across Korea.Methods
Study design
An observational, cross-sectional study design was used.Participants
A convenience sample of elementary school children voluntarily
participated in this study. An ofﬁcial document was sent to all
elementary schools throughout Korea through local ofﬁces of ed-
ucation, which was solicited to take part in the study. Fifty-nine
schools responded to the ofﬁcial document and participated in
this study. Study participants included 4,895 children attending
third and sixth grades of participating schools. These schools are
distributed across the country, including sixmetropolitan cities and
ﬁve provinces (Do).
A total of 11,800 survey sheets were distributed (200 ques-
tionnaires for each school) and 5,022 questionnaires were returned
(42.6%). After exclusion of 127 questionnaires with incomplete
answers, questionnaires from 4,895 students (41.5%) were used in
the study. Before data collection, a health teacher in each school
was asked to select three classes from the third and sixth grades
respectively and requested to collect data from all students in the
selected classes. Eligibility criteria included those who were able to
read and understand the Korean language and were enrolled in the
third or sixth grades of participating schools. For the logistic
regression analysis, a post hoc power analysis was performed using
G-Power 3.1.9. The odds ratio for unbalanced diet of underweight
group assuming a binomial distribution was 1.4, with a Pr
(Y ¼ 1 j X ¼ 1) H0 ¼ 0.2, where 99.4% power was produced with
4,182 participants (combining underweight [n ¼ 330] and normal
weight groups [n ¼ 3,852]) and an R2 of .16 (a ¼ .05).Ethical considerations
No human subjects approval statement was obtained. However,
the study was approved by the principals and administrators of the
participating schools and the Korean Federation of Teachers' As-
sociation, and the research team applied every ethics measure
possible to ensure protection of the participants. Data collection
was performed after obtaining written consent from parents who
allowed their children to participate in the study, and verbal assent
was obtained from the participating children. Participants were
informed that they could withdraw from the study at any time
without any penalty, and anonymity and conﬁdentiality were
maintained throughout the study.Instruments
The instruments included demographic characteristics, health
and disease conditions, diet and exercise, and environmental
characteristics of schools. Health and disease characteristics
included diagnosis of allergic diseases, perception of subjective
health, and BMI of children. Students were asked whether they
were diagnosedwith asthma, allergic rhinitis, and atopic dermatitis
by a physician. These were recorded dichotomously (1 ¼ yes,
0 ¼ no). Children's perception of subjective health was measured
with nominal scale (1 ¼ good/very good, 0 ¼ poor/very poor). BMI
was calculated based on self-reported weight and height (kg/m2).
Students were asked to report their height and weight to the
nearest 0.1 cm and 0.1 kg. Children were classiﬁed into three BMI
groups according to Korean age-speciﬁc and gender-speciﬁc BMI
percentiles [16]. Overweight/obesity was deﬁned as at or greater
than the 85th percentile BMI-for-age, normal weight was deﬁned
as at or greater than the 5th percentile and less than the 85th
percentile BMI-for-age, and underweight was deﬁned as less than
the 5th percentile BMI-for-age.
Characteristics of diet and exercise included eating habits (6
questions), exercise frequency (1 question), and diet experiences (1
question). Questions on eating habits included eating breakfast
daily, consuming fruits/vegetables daily, unbalanced diet (picky
eating), whether fast food serves as a snack or a meal, frequency of
fast food consumption, and most frequently consumed (favorite)
snack type. An ordinal scale was used for fast food consumption
(1 ¼ never, 2 ¼ 1e2 times per month, and 3 ¼ once or more than
once per week). Nominal scales were used for reasons for fast food
consumption (1 ¼ as a snack, and 2 ¼ as a meal), and favorite snack
type during the past month (1 ¼ pizza/hamburger/cookies and
2 ¼ fried food [fried chicken/French fries], while all other variables
weremeasured using dichotomous scales (1¼ yes, 0¼ no). Exercise
frequency was designated using ordinal scale (1 ¼ daily, 2 ¼ 4e5
times per week, 3¼ 2e3 times per week, and 4¼ rarely), while diet
experiences was dichotomous (1 ¼ yes, 0 ¼ no).
Environmental characteristics of schools included school loca-
tion (metropolitan, urban, and rural), frequencies of serving fast
food (pizza, hamburger, and fried chicken) at school lunch, and
sales of soft drinks within schools whether in vending machines or
in school cafeteria. Frequencies of serving fast food at school lunch
was measured using an ordinal scale (1 ¼ less than once per week,
and 2 ¼ equal to or more than once per week), while soft drinks
sales in schools was measured using a nominal scale (1 ¼ vending
machines, 2 ¼ school cafeteria, and 3 ¼ do not sell).
Questions on diet and exercise and environmental characteris-
tics were developed and modiﬁed by the researchers after a pilot
study and consultation with expert committee. The expert com-
mittee included three professors in nursing and education and 10
health teachers. The pilot test was performedwith 50 students who
did not participate in the current study.
Data collection
After obtaining permission from principals of participating
schools, the principal investigator met with health teachers of the
participating schools at the group meeting sessions for the national
health campaign program, explained the study purpose, and
requested their assistance for data collection. Mail packets were
delivered to health teachers, including survey instructions, ques-
tionnaires, and parental consent forms. Health teachers sent out
school newsletters with parental consent forms, explaining the
purpose of the study. After obtaining consent forms, questionnaires
were distributed to eligible students with verbal instructions in the
class. Students return completed questionnaires to health teachers
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investigator using mail services. It took approximately 10 minutes to
complete the survey.
Data analysis
SPSS 20.0 for Windows (IBM SPSS Statistics, Chicago, IL, USA)
was used for data analysis. Descriptive statistics were used to
summarize demographic characteristics, health and disease char-
acteristics, characteristics of diet and exercise, and school envi-
ronmental characteristics. Chi-square tests and analysis of variance
compared characteristics of children and school environmental
characteristics by BMI groups. A multinomial logistic regression
analysis examined associations between BMI groups (underweight,
normal weight, and overweight/obesity) and independent vari-
ables. Null hypotheses of no difference were rejected if p values
were less than .05.
Results
Demographic characteristics of children and school characteristics
Themean age of the students was 8.97 years (SD¼ 0.86) for third
grade and 11.62 years (SD ¼ 0.85) for sixth grade, and boys
comprised 49.7% (n¼ 2,432) of the participants; 6.9% (n¼ 330)were
underweight and 12.5% (n ¼ 599) were overweight or obese; 5.0%
(n¼ 235) of the students were living in rural areas, 57.4% (n¼ 2,810)
in metropolitan areas, and 37.8% (n ¼ 1,850) in urban areas. Fifty-
eight students (1.2%) answered that their schools sold soft drinks
through vending machines, while 762 students (15.6%) answered
that their schools sold soft drinks in school cafeteria (Table 1).
Characteristics of health and disease, and diet and exercise by the
BMI group
Overweight/obese childrenwere younger (M ± SD ¼ 9.94 ± 1.59
years) than underweight children (11.35 ± 1.11) (p < .001). Boys
were more likely to be overweight/obese thanwere girls (p < .001).
Five percent of underweight children and 12.6% of overweight/
obese children had asthma (p < .001), while 12.2% of underweight
children and 16.2% of overweight/obese children had atopic
dermatitis (p ¼ .031). Eighty-two percent of the normal weight
children compared with 72.9% of overweight/obese children rated
their subjective health as good (p < .001). Underweight childrenTable 1 Demographic and School Environmental Characteristics (N ¼ 4,895).a
Variables Distribution n (%) M (SD)
Age (yr) Third 8.97 ± 0.86
Sixth 11.62 ± 0.85
Gender Boy 2,432 (49.7)
Girl 2,463 (50.3)
BMI Underweight
(< 5% BMI-for age)
330 (6.9)
Normal
(5%e85% BMI-for age)
3,852 (80.6)
Overweight/obese
( 85% BMI-for age)
599 (12.5)
Grade Third 2,089 (42.7)
Sixth 2,806 (57.3)
School location Metropolitan 2,810 (57.4)
Urban 1,850 (37.8)
Rural 235 (4.8)
Soft drink sales in school Vending machines 58 (1.2)
School cafeteria 762 (15.6)
None 4,075 (83.2)
Note. BMI ¼ body mass index.
a Unanswered responses were excluded from the analysis.were more likely to have an unbalanced diet (picky eating)
(p ¼ .001), while overweight/obese children were more likely to
have diet experiences (p < .001).
Among the children in overweight/obese group, fast food (pizza,
hamburger, and fried chicken) was served as a meal in 40.7% of the
children compared to 36.1% for normal weight group (p¼ .077), and
15.3% of those in underweight group compared with 9.7% of those
in overweight/obese group ate fast food once a week or more
frequently (p < .001). Overweight/obese children (21.4%) were
more likely to choose fried food as their favorite snack compared
with underweight children (14.8%), while underweight children
(12.1%) were more likely to choose pizza and hamburgers as their
favorite snack compared with overweight/obese children (6.6%)
(p ¼ .002). Regarding exercise frequency, underweight children
were less likely to engage in daily exercise (39.3%) compared with
normal weight (46.7%) and overweight/obese children (45.7%)
(p ¼ .002). Underweight children were more likely to attend
schools in metropolitan areas (60.5%) compared with overweight/
obese children (53.4%), while overweight/obese children were
more likely to attend schools in urban and rural areas (46.6%)
compared with underweight children (39.5%) (p ¼ .049) (Table 2).
Multinomial logistic regression analysis of factors associated with
BMI group
In this analysis, themodel outcomewas BMI group (underweight
or overweight/obese) with normal BMI as the reference group.
Among underweight students, age [odds ratio (OR) ¼ 1.48, 95%
conﬁdence interval (CI) (1.347, 1.624)], gender [OR ¼ 0.48, 95% CI
(0.37, 0.63)], atopic dermatitis [OR ¼ 0.67, 95% CI (0.47, 0.960)],
subjective health [OR ¼ 0.68, 95% CI (0.51, 0.90)], unbalanced diet
[OR¼ 1.41, 95% CI (1.10,1.80)], and diet experience [OR¼ 0.31, 95% CI
(0.22, 0.44)] were signiﬁcantly associated with BMI group. Those
with older age, girls, and having an unbalanced dietweremore likely
to be underweight (p< .05), while thosewith atopic dermatitis, good
subjective health, and diet experience were less likely to be under-
weight compared to those of normal weight (p < .05).
Among participants in the overweight/obese group, age
[OR ¼ 0.73, 95% CI (0.68, 0.78)], gender [OR ¼ 1.76, 95% CI (1.45,
2.15)], school location [metropolitan, OR ¼ 0.56, 95% CI (0.38, 0.84];
urban, OR ¼ 0.64, 95% CI [0.43, 0.97], subjective health [OR ¼ 0.58,
95% CI (0.47, 0.73)], diet experience [OR ¼ 3.26, 95% CI (2.69, 3.95)],
reasons for fast food consumption as a meal [OR ¼ 1.52, 95% CI
(1.24, 1.85)], favorite snack type [fried foods, OR ¼ 1.45, 95% CI (1.15,
1.84)], and frequency of fast food consumption are signiﬁcantly
associated with BMI group. Older age, those residing in metropol-
itan and urban areas, and those with good subjective health were
less likely to be overweight/obese, while boys, those with diet
experience, those more likely to eat fried foods and fast food as a
meal, and those who eat fast food less frequently ( 1e2 times per
month) weremore likely to be overweight/obese (p < .05) (Table 3).
Discussion
The current study sought to investigate multiple factors asso-
ciated with underweight and overweight/obesity among elemen-
tary school children recruited nationally across Korea. The study
results indicate that demographic characteristics (age and gender),
health and disease status (atopic dermatitis and subjective health),
diet and exercise (unbalanced diet, diet experience, frequency of
fast food consumption, reasons for fast food consumption, favorite
snack types, and school environmental characteristics (school
location) were associated with underweight or overweight/obesity
among elementary school children. The current study is signiﬁcant
in that it is the ﬁrst study to simultaneously examine factors
Table 2 Health and Lifestyle Characteristics by BMI Group (N ¼ 4,895).y
BMI group Underweight Normal Overweight/obese F (p) or c2 (p)
n (%) n (%) n (%)
Demographic characteristics
Age (yr, M ± SD)z 11.35 (1.11)a 10.51 (1.56)b 9.94 (1.59)c 91.10 (< .001)
Gender
Boy 113 (34.2) 1,918 (49.8) 352 (58.8) 51.20 (< .001)
Girl 217 (65.8) 1,934 (50.2) 247 (41.2)
Health status
Asthma (yes) 16 (5.0) 308 (8.2) 74 (12.6) 18.50 (< .001)
Allergic rhinitis (yes) 40 (12.3) 508 (13.3) 82 (13.8) 0.45 (.800)
Atopic dermatitis (yes) 39 (12.2) 668 (17.5) 96 (16.2) 6.93 (.031)
Subjective health (good) 244 (75.3) 3,116 (82.0) 430 (72.9) 32.30 (< .001)
Diet and exercise
Eating breakfast (yes) 247 (75.8) 2,961 (77.8) 443 (75.2) 2.52 (.283)
Fruits/vegetables daily 247 (75.5) 2,724 (71.6) 410 (69.1) 4.26 (.119)
Unbalanced diet (yes) 165 (50.8) 1,511 (39.8) 240 (40.3) 14.86 (.001)
Diet experience (yes) 43 (13.2) 1,086 (28.6) 321 (54.1) 207.22 (< .001)
Fast food serving as
Meal 127 (38.6) 1,391 (36.1) 244 (40.7) 5.13 (.077)
Snack 202 (61.4) 2,457 (63.9) 355 (59.3)
Fast food frequency
Never 114 (33.6) 1,723 (43.6) 291(47.2) 19.17 (< .001)
1e2 times per month 173 (51.0) 1,740 (44.1) 265 (43.0)
 Once per week 52 (15.3) 487 (12.3) 60 (9.7)
Favorite snack type
Pizza/hamburger 40 (12.1) 358 (9.4) 39 (6.6) 16.84 (.002)
Fried food 49 (14.8) 620 (16.3) 127 (21.4)
Cookie 241 (73.0) 2,825 (74.3) 427 (72.0)
Exercise frequency
 2e3 times per week 84 (25.0) 784 (20.2) 98 (16.2) 16.82 (.002)
4e5 times per week 120 (35.7) 1,279 (33.0) 231 (38.1)
Daily 132 (39.3) 1,809 (46.7) 277 (45.7)
School environments
Fast food at school lunch
< Once per week 187 (56.7) 2,404 (62.4) 372 (62.1) 4.26 (.119)
 Once per week 143 (43.3) 1,448 (37.6) 227 (37.9)
Soft drink sale in school (yes) 40 (12.2) 625 (16.3) 109 (18.3) 5.87 (.053)
School location
Metropolitan 205 (60.5) 2,290 (58.0) 329 (53.4) 9.55 (.049)
Urban 116 (34.2) 1,489 (37.7) 248 (40.3)
Rural 18 (5.3) 171 (4.3) 39 (6.3)
Note. BMI ¼ body mass index.
y Unanswered responses were excluded from the analysis.
z Post hoc test was performed using Scheffe's method: c < b < a.
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multiple dimensions of health, targeting children who were
recruited nationally throughout Korea.
The current study found that 12.5% of the children were over-
weight/obese, lower than that reported previously (16.7%e22.5%)
among Korean elementary school children [3,4], and signiﬁcantly
lower than (36.7%) that of American children [17]. Previous studies
targeted upper grade students residing in restricted areas in Korea
compared to the nationally distributed sample in the current study
[3,4], which may explain differences in prevalence of overweight/
obesity among children across studies.
Among the demographic characteristics, the results of the cur-
rent study revealed that boys were more likely to be overweight
and obese compared to girls, consistent with a previous study [18].
Those authors contended that prevalence of obesity is signiﬁcantly
higher among boys in elementary schools in Korea [18]. Re-
searchers argued that girls enter puberty earlier than boys, and
increase in height was greater than weight among those going
through puberty [19], which may explain differences in BMI per-
centiles by age and gender.
The current study also found that girls were more likely to be
underweight than boys, and prevalence of underweight was 6.9%,
higher than reported rates, including a report of 3.6% underweight
among children from low income families in Korea [12], and 3.1% ofgirls and 2.7% of boys were underweight among children in the
United States [20]. Researchers note that underweight in children
was associated with all-cause mortality, and concluded that un-
derweight is a marker of under-nutrition [21]. They note that
growth restriction may occur due to inadequate dietary intake and
recurrent infections, and these children tend to become more
frequently and severely ill compared to their healthy counterparts
[21,22]. According to community health reports, health-screening
results indicated that 13.0%e48.0% of the preschool children had
anemia in Korea [23,24]. Thus, efforts to reduce underweight in
children should be instituted, as well as those for overweight and
obese children.
The current study found that those in the underweight groups
weremore likely to be older than those in the normal weight group,
whereas those in the overweight/obese group were more likely to
be younger than those in the normal weight group. Consistent with
the current study, a previous study reported that prevalence of
obesity peaks in fourth grade in elementary schools and decreases
in ﬁfth and sixth grades [25], while prevalence of underweight was
lower among sixth graders compared to fourth and ﬁfth graders in
Korea [26].
The current study found that prevalence of asthma was higher
for the overweight/obese children compared to their healthy
counterparts. An association between elevated BMI and asthma is
Table 3 Multinomial Logistic Regression Analysis of Factors Associated with BMI Group (N ¼ 4,895).a
Variables Underweight Overweight/obese
OR 95% CI OR 95% CI
Demographic characteristics
Age 1.48*** [1.35, 1.62] 0.83*** [0.68, 0.78]
Gender (girl)
Boy 0.48*** [0.37, 0.63] 1.76*** [1.45, 2.15]
Health status
Asthma (yes) 0.94 [0.55, 1.59] 1.32 [0.97, 1.78]
Atopic dermatitis (yes) 0.67* [0.47, 0.96] 0.84 [0.65, 1.08]
Subjective health (good) 0.68** [0.51, 0.90] 0.58*** [0.47, 0.73]
Diet and exercise
Unbalanced diet (yes) 1.41** [1.10, 1.80] 1.03 [0.85, 1.26]
Diet experience (yes) 0.31*** [0.22, 0.44] 3.26*** [2.69, 3.95]
Fast food frequency ( 1 per week)
Never 0.64 [0.44, 0.93] 1.42* [1.01, 2.00]
1e2 times per month 0.77 [0.54, 1.09] 1.45* [1.03, 2.03]
Fast food serving (snack)
Meal 0.92 [0.71, 1.17] 1.52*** [1.24, 1.85]
Favorite snack typeb
Fried foods 0.84 [0.60, 1.18] 1.45** [1.15, 1.84]
Exercise frequency ( 3 times per week)
Daily 1.22 [0.88, 1.69] 0.96 [0.73, 1.26]
4e5 times per week 1.13 [0.82, 1.55] 1.28 [0.97, 1.70]
School environments
School location (rural)
Metropolitan 0.89 [0.53, 1.51] 0.56** [0.38, 0.84]
Urban 0.83 [0.48, 1.42] 0.64* [0.43, 0.97]
Soft drink sales in school (yes) 0.85 [0.59, 1.22] 1.08 [0.85, 1.38]
Note. BMI ¼ body mass index; CI ¼ conﬁdence interval; OR ¼ odds ratio.
*p < .05. **p < .01. ***p < .001.
a The reference group in this analysis was normal weight.
-2LLc2 ¼ 554.22 (p < .001); Cox and Snell R2 ¼ .119; Nagelkerke R2 ¼ .167; McFadden ¼ .102.
b Reference category included pizza, hamburger, and cookies.
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asthma have been increasing over the past decades in Korea and in
Western countries [28,29]. Researchers contend that overweight
contributes to the development of asthma, and note that dietary
components might provide a link between overweight and asthma
[27], while others argue that chronic airway inﬂammation due to
hormonal changes associated with increased deposition of adipose
tissue could explain the association between overweight and
asthma [30]. The link between overweight and asthma suggests
that efforts to decrease overweight/obesity in young children will
prevent further development or aggravation of asthma among
children and adolescents.
The current study found that children in the underweight and
overweight/obese groups were more likely to have poor subjective
health compared to normal weight children. Consistent with the
results of the current study, researchers reported associations be-
tween weight and health perception and that underweight and
obese children were more likely to have lower scores on general
health compared to normal weight children [31]. Measures of
subjective health incorporate physical, mental, and psychosocial
health, and subjective health is associated with presence of illness,
vitality, and lifestyles as well as mortality and morbidity [32,33].
Thus, subjective health is regarded as a global summary measure of
health, and a valid and reliable indicator of health-related quality of
life [32,33]. The current study results of relatively poor subjective
health among underweight and overweight/obese children
compared to normal weight children may indicate that the health
and well-being of these children are at risk, requiring attention for
prevention and management.
Among the characteristics of diet and exercise, the current study
found underweight children to be more likely to have an unbal-
anced diet (picky eating) (50.8%) compared to those in the normal
weight group (39.8%). Similar to the current study, a previous studyfound that 56.0% of underweight children compared with 46.1% of
normal weight children had picky eating habits [26]. These children
were most likely to dislike legumes, ﬁsh, and vegetables among
various food types [26]. An unbalanced diet may cause malnutri-
tion, which is associated with infections, iron-deﬁciency anemia,
and delay in growth and development among children [34]. Thus,
efforts to modify picky eating behavior are required as noted in a
previous study [34]. School nutrition education is effective in
increasing nutrition knowledge and promoting balanced diet
among children with picky eating behavior [35].
The current study found that exercise frequency was not asso-
ciated with underweight or overweight/obese, whereas eating
habits (frequency and reasons for fast food consumption, and fa-
vorite snack types) were associated with overweight and obesity.
Similar to the current study, researchers found that eating behavior
was more likely to inﬂuence overweight and obesity among chil-
dren than physical activity, and that those who prefer fatty foods,
thosewho ate snacks less frequently, and thosewho eat a lot of food
at meals were more likely to be overweight/obese [36]. These re-
sults suggested that amount rather than frequency of meals and
snacks were more important in managing weight in children. Fast
food consumption increases daily energy intake by 126 kcal, and
fast food consumption was associated with higher intake of sugar,
total fat, saturated fat, and sodium [37]. Therefore, children are
recommended to eat snacks between meals, preferably healthy
snacks such as dairy products, fruits, and vegetables, while children
should be discouraged from eating fast foods as a meal, since they
may then eat a large amount of fast food rather than eating fast food
as a snack.
Finally, the current study included school environmental char-
acteristics that were associated with BMI of children, and found
that children living in rural areas weremore likely to be overweight
and obese than those living in metropolitan and urban areas. These
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prevalence of childhood obesity in rural areas compared to urban
areas in Korea and Greece [38,39]. However, since children living in
rural areas comprised a small proportion (4.8%) in the current
study, caution should be taken when making comparison with
previous studies and in the interpretation of the study results.
Tambalis et al [39] found that despite children living in rural areas
reporting higher levels of physical activity than those living in ur-
ban areas, they were more likely to be overweight and obese [39].
Studies of factors associated with urban and rural differences in
obesity prevalence have not been conducted, although childhood
obesity prevention and management programs were more com-
mon in metropolitan and urban areas than in rural areas in Korea
[40-42]. Disparities in sociocultural and environmental character-
istics between urban and rural areas may inﬂuence prevalence of
childhood obesity in Korea.
The study results suggest that efforts to reduce underweight
should be developed, especially in metropolitan areas, which had
the highest prevalence of underweight. These children were more
likely to have picky eating habits and less likely to engage in regular
exercise. Thus, diet and exercise programs similar to obesity control
programs could help reduce underweight among elementary
school children. As mentioned above, most of the former obesity
control programs focused on diet and exercise interventions, while
school environments and allergic diseases associated with over-
weight/obesity are rarely considered. Therefore, studies are needed
to elucidate multiple factors associated with BMI in children,
including physical, social, and cultural environments of schools as
well as adjacent communities.
Limitations
Due to the cross-sectional nature of the study design, inter-
pretation of the study results is restricted to associations, rather
than causal conclusions, and temporal relationships between diet
and exercise, and BMI group cannot be assessed, limiting the
interpretation of the study results. Another limitation includes the
self-report method in the data collection. Information on weight
and height is less accurate than direct anthropometric measure-
ment. However, previous researchers contended that BMI produced
with self-reported weight and height had acceptable reliability
compared with directly measured BMI among elementary school
children [43].
Conclusion
The current study sought to investigate multiple factors asso-
ciated with underweight and overweight/obesity among elemen-
tary school children who were enrolled in 59 elementary schools
distributed nationally across South Korea, and found that de-
mographic characteristics, health and disease status, diet and ex-
ercise, and school environmental characteristics were associated
with underweight or overweight/obesity among elementary school
children. The study results showed that underweight childrenwere
more likely to be older and girls, less likely to have atopic derma-
titis, good subjective health, diet experience, and more likely to eat
unbalanced diet than normal weight children. Overweight/obese
childrenweremore likely to be younger and boys, less likely to have
good subjective health, more likely to have diet experience, less
frequent fast food consumption, andmore likely to eat fast food as a
meal, enjoy fried food, and live in rural areas than normal weight
children. The study results suggest that multiple approaches are
required to reduce underweight and overweight/obesity among
elementary school children, including diet and exercise behavior
change and efforts to modify school environmental characteristicssuch as reducing frequency of fast food servings at school lunch and
banning soft drink sales within schools since fast food consumption
was associated with BMI among the children.
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